The introduction of individualized abdominoperineal excision (APE) may minimize operative trauma and reduce the rate of complications. The purpose of this study was to evaluate the safety and efficacy of individualized APE for low rectal cancer. Methods: Fifty-six patients who underwent individualized APE from June 2011 to June 2015 were evaluated retrospectively in Beijing Chaoyang Hospital, Capital Medical University. The main outcome measures were circumferential resection margin (CRM) involvement, intraoperative perforation, postoperative complications, and local recurrence. Statistical analysis was performed using SPSS version 16.0. Results: Fifty (89%) patients received preoperative chemoradiotherapy: 51 (91%) patients were treated with the sacrococcyx preserved; 27 (48%) patients with the levator ani muscle partially preserved bilaterally; 20 (36%) patients with the levator ani muscle partially preserved unilaterally and the muscle on the opposite side totally preserved; 7 (13%) patients with intact levator ani muscle and part of the ischioanal fat bilaterally dissected; and 2 (4%) patients with part of the ischioanal fat and intact lavator ani muscle dissected unilaterally and the muscle on the opposite side partially preserved. The most common complications included sexual dysfunction (12%), perineal wound complications (13%), urinary retention (7%), and chronic perineal pain (5%). A positive CRM was demonstrated in 3 (5%) patients, and intraoperative perforations occurred in 2 (4%) patients. On multiple logistic regression analysis, longer operative time (P = 0.032) and more intraoperative blood loss (P = 0.006) were significantly associated with perineal procedure-related complications. The local recurrence was 4% at a median follow-up of 53 months (range: 30-74 months). Conclusion: With preoperative chemoradiotherapy, individualized APE may be a relatively safe and feasible approach for low rectal cancer with acceptable oncological outcomes. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
IntroductIon
Extralevator abdominoperineal excision (ELAPE) has been shown to lead to fewer episodes of bowel perforation and fewer positive circumferential resection margins (CRMs) when compared with conventional abdominoperineal excision (APE) because it achieves a specimen of a more cylindrical shape. [1] [2] [3] [4] [5] [6] Recently, the occurrence and implications of perineal symptoms following ELAPE have been gradually realized; they occur partly because of the wider excision and the presence of more tissue around low rectal tumors when compared with conventional APE.
Although the rate of perineal wound infections has been reduced with the aid of flaps, [6] several studies have reported that ELAPE may increase postoperative perineal morbidity such as chronic perineal pain, perineal wound infection, urinary retention, perineal herniation, and sexual dysfunction. [2] [3] [4] [7] [8] [9] In particular, chronic pain may be related to the coccygectomy, damage to the pudendal nerve, the wider excision of the levator ani muscles, and/or the suturing of the biological mesh close to the pelvic wall. [4, 9] To preserve the normal tissue, achieve local radical excision, and minimize the operative trauma of the perineal wound as well as minimize the damage to the nerves supplying the genital organs, we hypothesized that preserving part of the levator ani muscle or sacrococcyx, according to preoperative pelvic magnetic resonance imaging (MRI), may lower the perineal morbidity. We have previously described the concept of individualized APE, which is also called the individualized technique. [4] The purpose of this study was to evaluate the safety and efficacy of individualized APE for locally advanced low rectal cancer.
Methods

Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the local Ethics Committee of Beijing Chaoyang Hospital (No. 2011-ke-143). Informed written consent was obtained from all patients before their enrollment in this study.
Patients
From June 2011 to June 2015, 446 patients with rectal cancer underwent surgical resection in our center. Of these patients, a total of 58 consecutive patients with locally advanced low rectal cancer underwent individualized APE. After exclusions (two patients lost to follow-up), 56 patients were included in the analysis [ Figure 1 ]. The operations were performed mainly by two of the authors (Wang ZJ and Han JG), in cooperation with an experienced blinded pathologist. The patients underwent digital rectal examination and MRI for staging of rectal cancer once the diagnosis had been confirmed. Patients with clinical staging of T3 N1-N2 or T4 tumors were recommended to receive neoadjuvant chemoradiotherapy. Preoperative radiotherapy was given with 50 Gy in 25 fractions (five fractions per week), [10] concomitant with capecitabine 825 mg/m 2 twice daily on treatment days. Two cycles of consolidation chemotherapy with CapeOX were planned 1 week after radiotherapy. Capecitabine was administered orally at a dose of 850 mg/m 2 twice daily for 14 days, followed by 7 days of rest. Oxaliplatin was given every 3 weeks at a dose of 130 mg/m 2 . Surgery was planned 2 weeks after completion of two cycles of CapeOX. For patients who received neoadjuvant therapy, we performed colonoscopy and MRI afterward to restage these patients, and the extent of surgery was based on the MRI findings.
Surgical technique
We expected all patients to undergo laparoscopic operation. However, some patients underwent laparotomy for various reasons (e.g. elderly patients, comorbidities, and patient choice). The abdominal procedure was performed according to the description provided by Holm et al. [1, 11] The mobilization was stopped at the upper border of the coccyx posteriorly, below the autonomic nerves laterally, and just below the level of the seminal vesicles or cervix anteriorly. An end colostomy was formed, the abdomen was closed, and the patient was turned over into the prone jackknife position.
For the perineal phase, a teardrop-shaped incision was made close to the anus, after the anus had been closed with a purse-string suture. The subsequent procedure was performed according to our previous report. [4] To consider the depth of tumor invasion: (1) in those rectal tumors not involving the ischioanal fat or levator ani muscle (T3), the dissection plane may continue close to the outside of the external anal sphincter and the inferior aspect of the levator ani muscles, leaving 1 cm of the levator ani muscles on the pelvic sidewall to keep the terminal branches of the pudendal nerve intact [ Figure 2a ]. (2) If the tumor has involved the ischioanal fat or levator ani muscle or penetrated through the external anal sphincter (T4), the dissection should include part of the ischioanal fat and the intact external sphincter to attain negative CRM; the pelvic autonomic nerves were preserved carefully during dissection [ Figure 2c and 2d].
To consider the circumferential extension of the tumor: (1) If the tumor has only penetrated into one side of the levator ani muscle, the levator ani muscle contralateral to the tumor may be left [ Figure 2b ] and (2) if the tumor is located in the anterior wall or does not penetrate the posterior wall, the coccyx is not removed, to reduce the incidence of chronic perineal pain.
After the specimen was removed, pelvic reconstruction was performed using biological mesh (human acellular dermal matrix, Ruinuo; Qingyuanweiye Bio-Tissue Engineering, Ltd., Beijing, China), according to our previous study, [9, 12] or a primary closure.
Data regarding patient demographics, disease characteristics, and treatment were collected. All complications, including perineal, urinary, and sexual complications, occurring postoperatively were recorded. A visual analog scale (VAS; a score of 1-10) was used to evaluate the perineal pain severity at 3, 6, and 12 months postoperatively. A VAS score ≥ 4 was considered positive. Pain that lasted for more than 3 months was defined as chronic perineal pain. The International Index of Erectile Function-5 was used to assess the sexual function of male patients pre and 6 months postoperatively. [13] Sexual function of female patients was evaluated using the Female Sexual Function Index. [14] Follow-up Follow-up was arranged every 3 months for 2 years and every 6 months thereafter. In addition, data from the last available follow-up visit were included in the analyses. Chest X-ray, abdominal computed tomography (CT), and pelvic CT were repeated annually to detect local or distant recurrence. Colonoscopy was performed 1 year after the operation and was to be repeated every 3 years if no lesion was found. Colonoscopy was performed at 3-6 months if no complete visualization of the colon had been achieved preoperatively.
Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (version 16.0; SPSS Inc., Chicago, IL, USA). Continuous variables (e.g. age, intraoperative blood loss, and operative time) were presented as the median (range) or mean ± standard deviation (SD). Differences between groups were compared using Chi-square analysis or Fisher's exact test for categorical data. Continuous variables were compared using the Student's t-test or Mann-Whitney U-test. Potential risk factors for perineal procedure-related complications were analyzed with univariate analysis. Variables with P < 0.05 on univariate analysis were entered into a multivariable model (multiple logistic regression analysis) to identify any variables predictive of perineal procedure-related complications. All P values reported were two sided, with values of < 0.05 considered statistically significant.
results
Patient characteristics
Fifty-six patients were included in the analysis. Fifty (89.3%) patients received preoperative chemoradiotherapy. The median distance between the lower margin of the tumor and the anal verge was 3 cm. The median operative time overall was 223 min. Thirty-six (64%) patients underwent a perineal biological mesh repair and 20 (36%) underwent primary closure. Thirty-eight patients underwent a laparoscopic procedure and 18 underwent an open procedure. The overall CRM positivity rate was 5% (n = 3). The incidence of intraoperative perforation was 4% (n = 2), and both perforations were located anterolaterally. During the study, 27 (48%) patients were treated with the levator ani muscle partially preserved bilaterally; 20 (36%) patients with the levator ani muscle partially preserved unilaterally and the muscle on the opposite side totally preserved; 7 (13%) patients with intact lavator ani muscle and part of the ischioanal fat bilaterally dissected; 2 (4%) patients with part of the ischioanal fat and intact lavator ani muscle dissected unilaterally and the muscle on the opposite side partially preserved; and 51 (91%) patients with the sacrococcyx preserved.
Complications
Perineal procedure-related complications were defined as chronic perineal pain, sexual dysfunction, urinary retention, and perineal wound complications including infection, seroma, hernia, wound dehiscence, and chronic sinus. Comparison of patients with perineal procedure-related complications versus those with no complications showed the following variables to be associated with complications: higher body mass index (BMI) (P = 0.022), longer operative time (P = 0.019), and more intraoperative blood loss (P = 0.001). Patients' age, gender, smoking, alcohol consumption, diabetes mellitus, blood glucose level, concentration of albumin, neoadjuvant chemoradiotherapy, pathological stage, laparoscopic technique, CRM, bowel perforation, coccygectomy, and pelvic floor reconstruction technique did not influence the rate of perineal procedure-related complications [ Table 1 ].
Multivariable analysis showed longer operative time (P = 0.032) and more intraoperative blood loss (P = 0.006) to be significantly associated with perineal procedure-related complications. BMI was not an independent risk factor in the multivariable analysis [ Table 2 ].
There were no documented postoperative deaths. The postsurgical complications are shown in Table 3 . In total, 16 (29%) patients developed postoperative complications. Among the 3 (5%) patients with chronic perineal pain at 12 months postoperatively, none required pain relief. The rate of sexual dysfunction was 12% (5/41). Four (7%) patients had urinary retention, which resolved during hospitalization. Three patients with perineal wound infection recovered well with minimal discomfort and achieved early discharge. One patient who underwent primary closure of the pelvic floor defect developed a chronic presacral sinus.
The postoperative complications were similar between patients who underwent biological mesh repair and primary closure. The abdominal wound infection rate was significantly lower in the laparoscopic surgery group than in the open surgery group (P = 0.014). There were trends toward decreased sexual dysfunction (P = 0.050) and overall perineal wound complications (P = 0.052) in the laparoscopic group, but these differences were not statistically significant [ Table 3 ].
Oncologic results
The local recurrence rate was 4% at a median follow-up of 53 months (range: 30-74 months), and 4 (7%) patients had lung metastasis at 32 months postoperatively. No patients died of tumor recurrence or metastasis.
dIscussIon
Although ELAPE has been shown to be oncologically superior to APE in many studies, it carries a considerable risk of perineal wound complications. West et al. [2] reported more perineal wound complications, such as wound infection, breakdown, and sinus, following ELAPE than following standard APE, and increased wound infection has been considered the main disadvantage of ELAPE. Other studies have also suggested that ELAPE results in a high rate of perineal wound complications, chronic perineal pain, urogenital problems, or sexual dysfunction. [4, 7, 12, 15] Further improvements to the technique may seek to reduce complications.
Recent studies of pelvic anatomy have reported that the clear identification of pelvic anatomical landmarks may be useful for both the successful achievement of negative CRMs and the preservation of urogenital function during ELAPE. [16, 17] A preoperative (MRI) staging system was shown to predict the planes of surgical excision required for low rectal cancer [18, 19] and has been proven within the MERCURY II study. [20] This may help to reduce margin positivity and to improve outcome in patients with low rectal cancer. [21] Given that the precise tumor stage and location vary among patients who receive ELAPE, we suggested preserving the normal pelvic tissue near anatomical landmarks, according to the patients' individualized tumor condition as based on preoperative MRI and digital examination; this procedure was named individualized APE. The individualized APE is aimed at the reduction of perineal wound complications and preservation of urogenital function while not compromising cancer control. A finite element model suggested that ELAPE of the dissection plane close to the rectum on one side was able to reduce the stress on the nonlevator ani tissue on both sides, especially on the side with the levator ani partly preserved, which may reduce the perineal hernia rate. [22] It has been suggested that preservation of the pudendal nerve during surgical procedures may be important for postoperative sexual and urinary function, [23] and that injury to the pudendal nerve may cause sexual and bladder dysfunction. [24] However, the end branches of the pudendal nerves are close to the lateral excision plane and may be damaged at the pelvic sidewall during the perineal procedure of ELAPE. We recommended preservation of part of the levator ani muscles near the pelvic sidewall in our previous study, [4] and it has also been reported that, with adequate neoadjuvant chemoradiotherapy, a levator-sparing excision of the rectum resulted in a safe option with low 3-year rates of local recurrence, morbidity, and perioperative complications. [25] It has also been mentioned that leaving a small part of the levator ani muscles at the pelvic sidewall may facilitate suturing of the biological mesh. [26] In our study, part of the levator ani muscle near the pelvic sidewall was preserved accordingh to the depth of tumor invasion and the circumferential extension of the tumor on preoperative MRI assessment. The preservation of part of the levator ani muscle near the pelvic sidewall was shown not to increase the CRM involvement, perforation rate, and local recurrence with the relatively high rate (89%) of neoadjuvant chemoradiotherapy in this study. The rate of sexual dysfunction was only 18% and that of urinary retention was only 10% in this trial; these rates were much lower than in our previous study. [4] We propose that individualized APE should become the technique of choice for low rectal cancer without increasing the risk of urogenital dysfunction in patients receiving adequate preoperative chemoradiotherapy. However, longer follow-up is needed in the future to confirm these results.
During the perineal procedure, it has been recommended to enter the peritoneal cavity by disarticulation of the coccyx with division of Waldeyer's fascia, as described by Holm et al., [1] which provides more room in which to excise the specimen safely. However, several studies have demonstrated that chronic perineal pain is significantly related to coccygectomy. [15, [27] [28] [29] Furthermore, chronic perineal pain was one of the most common complications following ELAPE. Our previous study reported that 51% of the patients experienced chronic perineal pain with several requiring pain-relieving drugs. [4] To reduce the postoperative incidence of chronic perineal pain, we suggest that it is possible to preserve the coccyx during the ELAPE procedure for anterior rectal tumors and these T3 tumors. The sacrococcyx was preserved in 51 (91%) patients and the incidence of chronic perineal pain was only 5% at 12 months postoperatively in our study, which supports the notion that resection of the coccyx should not be routine but performed only if indicated on the basis of surgical exposure or oncological principles. The dissection in the anterior plane during the perineal phase of the ELAPE is potentially most dangerous because of the close relationship between the anterior rectal wall and the prostate or posterior vaginal wall. [30] During the anterior dissection, the neurovascular bundle (NVB) derived from the inferior hypogastric plexus run anterolaterally on each side of the prostate or vagina and can easily be damaged. [22, 23] Injury to these branches may result in urinary dysfunction and sexual impotence. [16, 17] For anteriorly located penetrating tumors, it may be necessary to include part of the posterior vaginal wall or prostate in the dissection, and sometimes even to sacrifice the NVB on one side, to be able to achieve a negative CRM. [30] For posteriorly located tumors, the anterior dissection should be performed close to the rectal wall to protect the NVB. The decision regarding the procedure should be made in advance and based on the preoperative MRI staging and digital examination. [30] In our previous study, perineal wound complications, especially wound breakdown, were significantly less frequent in the biological mesh group than in the primary closure group. [12] Another study also suggested that biological mesh-assisted perineal reconstruction was a promising technique to improve wound healing after ELAPE. [31] Therefore, use of biological mesh may be an ideal technique because it provides a shorter operating time and more rapid early mobilization and lacks donor site morbidity. In this study, there was no significant difference in postoperative perineal wound complications or perineal procedure-related complications. We assume that the minimal trauma during the perineal procedure of individualized APE may reduce the rate of perineal wound complications and, furthermore, offset the difference between the biological mesh group and the primary closure group.
Operative time and intraoperative blood loss were identified as important predictors of perineal procedure-related complications following individualized APE in our multivariable analyses. The significance of added complications related to longer operative time and more intraoperative blood loss has been previously documented. [32, 33] Several other risk factors for perineal wound complications after APE have been reported such as patients' nutritional status, smoking, alcohol consumption, diabetes mellitus, neoadjuvant chemotherapy, intraoperative perforation, and pelvic floor reconstruction technique. [31] [32] [33] [34] [35] In our series, these factors had no impact on the risk of perineal procedure-related complications. The sample size in this study may not have been large enough to detect these influences. The differences between individual APE and conventional APE might have influenced the risk factors. Furthermore, the high percentage of neoadjuvant chemoradiotherapy (89%) and the low percentage of intraoperative perforation (4%) might also have influenced the statistical analysis.
The main aim of individualized APE is not only to decrease perineal wound complications and spare normal tissue around tumor but also to achieve the required oncological outcomes. If the tumor involves the ischioanal fat, the dissection should include part of the ischioanal fat and the intact external sphincter to attain negative CRM, although this condition is rare in patients who undergo preoperative chemoradiotherapy. This study has limitations. A major limitation of the study was the fact that this is not a comparative study but a case series. The second limitation was its small sample size. Continued long-term follow-up and larger sample size will be necessary to evaluate the true outcomes of the technique. Furthermore, a few patients with T3 stage tumors did not receive preoperative chemoradiotherapy.
In conclusion, our team suggests that it is feasible to perform individualized APE for low rectal tumors in patients given adequate preoperative chemoradiotherapy. In the context of precise preoperative MRI staging and digital examination, individualized APE has the potential to reduce the risk of wound complications and urogenital dysfunction. Furthermore, individualized APE is a relatively safe approach with acceptable rates of CRM involvement and intraoperative perforations. Operative time and intraoperative blood loss were independently associated with perineal procedure-related complications following individualized APE. Longer follow-up is needed in the future to confirm the results for recurrence and survival. Given the relatively small number of patients in our study, however, further research into the subject should be recommended. 
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